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A novel 2-D complex [Cu(nbdc)(phen)(H2O)] (nbdc = 2-ni-
tro-1,4-benzenedicarboxylate dianion and phen = 1,10-phenan-
throline) has been synthesized and structurally characterized by
single crystal X-ray analysis. It exhibits nice fluorescent proper-
ty. The modifying group plays a key role in the assembly of the
framework.

Design and construction of novel or given frameworks anal-
ogous to important minerals such as zeolite, clay, and quartz us-
ing phenyldicarboxylates are of much current interest.1 Recent-
ly, much attention has been focused on the use of 1,4-
benzenedicarboxylic acid (H2bdc) while limited researches were
devoted to substituted 1,4-benzenedicarboxylic acid (H2sbdc).
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Several reports have shown that the framework or functionality
could be tuned by pending groups of phenyldicarboxylates be-
cause the angle of two carboxylates of 1,4-benzenedicarboxylate
is directly related to the size and nature of substituents on the
phenyl ring.3 Moreover, the pending group of phenyldicarboxy-
lates may act as the third coordinate site and further form novel
networks. Therefore, H2sbdc may offer some novel structural
and functional interests, for example, the methane adsorption
ability of complex Zn4O(cbdc)3 (cyclobutyl-1,4-benzenedicar-
boxylic acid, H2cbdc) is significantly larger than that of
Zn4O(bdc)3 although the latter has larger porosity. The pending
group of cyclobutyl of cbdc may tune the framework so that nice
methane adsorption could be achieved.3c The system of Cu2þ/
phenanthroline/H2bdc has been raised much interest due to
magnetic and fluorescent properties and at least five species have
been synthesized while the frameworks of complexes are only
limited in dimer or 1-D networks,4 in which bdc is a bis-mono-
dentate ligand and shows common coordination topology. Con-
sidering the functionality of the pending group of substituent
phenyldicarboxylates, we have chosen 2-nitro-1,4-benzenedi-
carboxylic acid (H2nbdc) to construct new frameworks. In this
paper we report the novel 2-D structure assembled by H2nbdc
with nitro substituent, {[Cu(nbdc)(phen)](H2O)}n (1).

The compound of 1 was synthesized by hydrothermal reac-
tion of copper chloride, 2-nitro-1,4-benzenedicarboxylic acid,
and 1,10-phenanthroline in water.5 The single crystal X-ray
analysis revealed that the complex consists of 2-D structure.6

The copper atom displays square pyramidal geometry, which
is completed by two nitrogen atoms from one 1,10-phenan-
throline, three carboxylate oxygen atoms from three nbdc li-
gands (Figure 1). The O(1) is sitting on the apical position
(Cu(1)–O(1) = 2.390(3) �A) while O(5), O(1�), N(3), and N(4)
occupy the basal plane. There are two kinds of nbdc coordination
modes in complex 1. One mode is bis-monodentate while anoth-
er is bis-mono-atomic bridge mode.

The bis-mono-atomic bridge mode is extremely sparse.7

Each of the two carboxyl groups in �4-nbdc offers a mono-
atomic bridge by using one oxygen atom as the asymmetric
�-O bridge bound to two copperII ions in apical and basal posi-
tions. The oxygen bridging spacers form a four-membered ring,
[Cu2O2] second building unit (SBU), which is a basic unit, ex-
tend the structure into 1-D and 2-D networks (Figure 2). As ex-
pected, [Cu2(�4-nbdc)] units consist of a 1-D chain with SBUs
of [Cu2O2] and the separation of Cu� � �Cu in SBU [Cu2O2] is
3.428 �A. The separations of Cu� � �Cu through �4-nbdc are
11.073 and 8.729 �A, respectively. The short distance of Cu� � �Cu
separated by nbdc is extremely rare only found in mono-atomic
bridge cases and corresponding separations of Cu� � �Cu in com-
plex Cu2(trans-oxen)(bdc)�2H2O (2) are 10.987 and 9.672 �A,7

respectively. The bis-monodentate nbdc bridging linkers con-
nect one-dimensional chains of [Cu2(�4-nbdc)] via four-mem-
bered ring units of [Cu2O2] into 2-D framework. The separation
of Cu� � �Cu by bis-monodentate nbdc is 10.989 �A. It is obvious

Figure 1. ORTEP view of complex {[Cu(nbdc)(phen)](H2O)}n;
selected bond lengths and angles ( �A,�):Cu(1)–O(1) 2.390(3),
Cu(1)–O(1A) 1.964(2), Cu(1)–O(5) 1.957(3), Cu(1)–N(3)
2.012(3), Cu(1)–N(4) 2.014(3), O(1)–Cu(1)–O(5) 87.46(11),
O(1)–Cu(1)–O(1A) 76.58(11), O(1)–Cu(1)–N(3) 98.94(12),
O(1)–Cu(1)–N(4) 108.35(11), O(5)–Cu(1)–O(1A) 89.47(12),
N(3)–Cu(1)–N(4) 81.85(13).

Figure 2. A view of 2-D network constructed by nbdc ligands.
The nitro groups are omitted for clarity.
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that the 2-D network consists of, in nature, [Cu2O2 + nbdc]4
building blocks. The basic unit in 2-D is a grid of [Cu4(�4-
nbdc)2(�2-nbdc)2] with dimensions ca. 9:4� 11:3 �A. The as-
sembly of the novel 2-D coordination network is attributed to
the nitro group through steric and electric effects.

The 2-D network of [Cu2(�4-nbdc)(�2-nbdc)]n is created
without phenanthroline linking. It seems that the phenanthroline
is not necessary in the synthetic viewpoint. However, it could be
necessary in the construction of network because the phenan-
throline can complete the geometry of the copper atom. The wa-
ter molecules between the 2-D sheets form hydrogen bonds with
the uncoordinating carboxyl oxygen atoms of �4-nbdc and �2-
nbdc from neighboring 2-D layer to hold nets together and build
up the 3-D framework (Figure 3).

As mentioned in complexes of [Cu(bdc)(phen)] (3)4c and
Cu2(trans-oxen)(bdc)�2H2O, bis-monodentate bdc ligands lead
to a 1-D zig-zag chain structure of 3 and �4-bdc ligands creat
1-D chain of 2 although oxen ligands further extend the structure
into 2-D framework. Obviously complex 1 combines the charac-
teristics in both 2 and 3 and creates a novel 2-D framework,
which is attributed to the effect of nitro group. The successful
syntheses of complexes 1 and 2 suggest that 2-D structure for
complex [Cu(bdc)(phen)] could be achieved at suitable micro
synthetic environment (equivalent to the effect of nitro group,
such as in 2) although many efforts have been done.

The UV–vis spectrum of 1 exhibits three high-energy ab-
sorptions at 191, 222, and 299 nm in the solid state; the latter
can be assigned to ligand-to-metal charge transfer. An intense
fluorescent emission of 1 at 453 nm (�ex ¼ 230 nm) was ob-
served in the solid state at room temperature and is assigned to
the ligand-to-metal charge transfer band and some �-donations
from the cooperation of 1,10-phenanthroline and nbdc ligands.
This information suggests that 1might be an excellent candidate
for potential photoactive material.

In summary, we have successfully synthesized a novel 2-D
compound [Cu(nbdc)(phen)](H2O) constructed from 2-nitro-
1,4-benzendicarboxylic acid and 1,10-phenanthroline with nice
fluorescent property. Combination of �4-nbdc and �2-nbdc
leads to new assembly of benzenedicarboxylates, which may
be of great benefit for designing and controlling the frameworks
constructed from benzenedicarboxylates.
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Figure 3. A view of 3-D hydrogen bonding network.
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